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ADVERTISEMENT 


O  F  T  H  E 


E  D  I  T  O  Rjj 

RELATING  TO  THE  USE  OF  THE  SIMPLE 
GLASS  MACHINES  FOR  MAKING  MINE¬ 
RAL  Waters. 


LTHOUGH  the  method  of  tiling  the 


fimple  glafs-machines  of  Mr.  Parker 
is  minutely  defcribed  in  the  following  Letter; 
neverthelefs  it  may  be  more  agreeable  to  find 
here  at  once  diftinft  references  to  thofe  arti¬ 
cles  where  it  is  particularly  contained. 

I*  The  defcription  of  Parker’s  fimple  machine 
is  comprifed  No.  5,  6,  and  7. 

1 

II.  The  procefs  to  make  life  of  the  faitie 
is  defcribed  No.  8,  9*  10,  and  n. 

III.  The  manner  of  carrying  on  the  pro¬ 
duction  of  fixed  air  is  indicated  No.  12, 
and  note  (g). 


A  2 


IV.  The 


(  if  > 


IV.  The  method  for  reducing  the  procefs 
to  a  few  minutes  is  defcribed  No.  14;  fee 
note  (g) 

V.  The  manner  of  keeping  thefe  acidulous 
waters  is  (hewn  No.  16. 

t 

VI.  For  making  them  fparkle  like  Cham¬ 
paign  wine,  No.  17. 

VII.  For  making  them  ferruginous  or 
chalybeate,  No.  18. 

VIII.  As  to  the  medical  and  oeconomical 
application  of  thefe  waters,  and  fixed  air , 
fee  No.  1,  3,  19,  and  20. 


o 

N.  B.  Both  thefe  glafs-machines,  and  the 
Eudiometers,  are  made  and  fold  at  W.  Parker’s 
Cut-glafs  Manufa&ory,  No.  69,  Fleet ft  red , 

London . 
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T  O 


REVEREND  Dr.  PRIESTLEY, 


DEAR  SIR, 

I  Do  not  know  how  better  to  employ  the  lei- 
fure  of  thefe  holy-days  I  enjoy  in  your 
neighbourhood,  than  in  defcribing,  according 
to  my  promife  (a)9  the  two  contrivances  I  have 
mentioned  in  my  laft  letter  j  which,  I  hope, 
will  be  ufeful  to  the  public.  It  is  with  plea- 
fure  I  have  obferved  a  great  agreement  in  al- 
moft  all  our  philofophical  ideas  :  but  I  am 
Very  happy  to  find  that  we  agree  ftill  more,  in 
looking  with  the  greateft  indifference  on  any 
difcovery,  even  the  moft  ingenious,  if  no  real 

( a)  This  refers  to’  a  former  letter  to  Dr.  Prieilley, 
printed  in  the  Appendix  to  his  third  volume  of  Experi¬ 
ments  and  Obfervations  on  Air ,  No.  III.  p.  376.  of  the 
London  edition. 

Er 


advantage 


(  *  ) 

% 

advantage  may  accrue  from  it  to  mankind. 
Among  ft  the  many  that  you  have  made,  and 
which  are  fcattered  in  yourPhilofophical  Works, 
that  of  producing  by  art,  at  any  time  or  place, 
with  very  little  expence  and  trouble,  Mineral 
Waters,  like  thofe  of  Pyrmont,  Spa,  Saltzer, 
&c.  whofe  virtues  depend  on  their  being  im¬ 
pregnated  with  fixed  air ;  and  that  of  finding 
out  a  general  ftandard,  or  teft,  for  afeertaining 
the  greater,  or  lefs  falubrity  of  refpirable  air, 
in  any  place  whatsoever,  are,  undoubtedly,  the 
moil:  beneficial.  The  fuccefs  with  which  the 
firft  of  thefe  two  difeoveries  is  employed, 
wherever  it  is  known,  and  the  very  interefting 
observations  relating  to  the  Second,  made  almoft 
all  over  Italy  by  the  Chevalier  Landriani,  with 
his  Eudiometer,  clearly  evince  the  truth  of  my 
aftertion  (b). 

2.  As  Soon  as  your  pamphlet,  containing 
the  method  of  making  Pyrmont  Water,  fell 
into  my  hands,  in  the  year  1772,  I  Sent  abroad 
a  great  many  copies  of  it,  to  different  parts 
of  Europe,  where  I  have  a  literary  correfpon- 

( b )  Dr.  William  White  of  York,  has  made  in  Eng¬ 
land  many  valuable  obfervations  of  this  kind,  part  of 
which  were  communicated  to  the  Royal  Society :  and  a 
very  able  phylician  of  Florence,  Dr.  Alexander  Bicchierai, 
has  undertaken,  with  other  friends,  to  make  daily  ob¬ 
fervations  with  the  eudiometer,  in  different  pnrts  of  Italy ; 
confidering  this,  as  a  branch  of  the  utmofl  importance  111 
the  meteorological  regiiter  of  the  weather. 


dence ; 


(  3  ) 


dence ;  this  having  long  been  my  cuftom, 
whenever  any  ufeful  difcovery  comes  to  my 
knowledge.  I  made  then  fome  change  or  im¬ 
provement  in  your  method,  which  rendered 
the  manner  of  conveying  the  fixed  air  to  water 
fomewhat  eafier.  This  was  added  in  a  note  to 
the  French  tranflation  of  it,  made  foon  after 
at  Paris,  from  a  copy  that  I  had  fent  to  that 
great  promoter  of  Natural  Philofophy,  the  late 
Monfieur  Trudaine  de  Montigny,  mentioned 
page  261  of  your  fecond  vol.  on  Different 
Kinds  of  Air .  Some  time  after,  Mr.  Blunt 
invented  a  machine,  which  rendered  this  ope¬ 
ration  ftill  more  eafy.  One  of  this  kind, 
made  by  himfelf  at  Mr.  Nairne’s,  I  fent  to  a 
very  judicious  lover  of  philofophical  experi¬ 
ments  at  Turin,  the  Marquis  de  Rofignan, 
lately  ambaffador  of  the  King  of  Sardinia  to 
the  Court  of  Berlin. 

3.  Another  ccnftrufiion  of  a  glafs  machine 
for  the  fame  purpofe,  was  publifhed  by  Dr. 
Nooth,  in  the  65th  vol.  of  Philofophical  Tranf- 
aflions.  But  this  being  very  imperfect,  was 
afterwards  improved  by  Mr.  Parker ;  and  you 
have  given  an  account  of  it  in  the  iecond 
volume  of  your  work,  above  mentioned,  page 
302,  and  following.  A  very  great  number, 
[about  1660]  of  thefe  machines  have  been 
fent  to  different  parts,  even  to  the  Eaft  Indies : 

B  2  and 


(  4  ) 

and  it  is  known  that  many  perfons  have  been 
greatly  benefited  by  the  ufe  of  thefe  artificial 
acidulous  waters,  (c) 

4.  I  found,  however,  not  long  ago,  that 
the  manner  of  conducing  the  procefs,  as  de- 
fcribed  in  the  printed  dire&ions  fent  with  thefe 
machines,  was  very  inconvenient,  on  account 
of  its  flow  operation  ;  it  requiring  four,  and 
even  fix  or  feven  hours  to  get  the  water  fully 
impregnated  with  fixed  air.  This  I  felt  the 
more  in  November  laid  (1776)  on  my  being  ac 
his  Serene  Highnefs’s  the  Duke  of  Arenberg, 
whom  I  have  a  right  to  call  my  Maecenas,  on 
account  of  the  many  favours  I  have  received 
from  him.  (d) 

( c )  See  Dr.  Withers’s  Obfervations  on  Chronic  weak- 
neis,  in  8vo,  p.  164.  printed  at  York,  1777. 

(d)  Alas!  this  truely  great  Prince  is  no  more!  He 
fell  a  facrifice  to  the  fmall  pox,  that  evil  fo  vaftly  de- 
ftruclive  to  the  human  fpecies.  Thinking  hjmfelf  fe- 
cured  on  account  of  fome  few  of  thedifcreet  kind,  which 
he  had  in  his  infancy,  he  did  not  avail  himfelf  of  the 
great  bleffing  of  our  times,  inoculation,  through  which 
fo  many  thoufands,  or  rather  millions,  have  been  refcued 
from  death.  This  great  Prince  died  the  17th  of  Augutf, 
1778,  in  the  57th  of  a  glorious  life,  generally  employed 
for  the  good  of  his  fubje&s,  and  the  happinefs  of  every 
one,  who  had  any  dependence  upon,  or  acquaintance 
with,  this  true  friend  to  mankind.  He  was  the  patron 
of  allfciences,  a  lover  of  all  Polite  Arts,  and  the  pro¬ 
moter,  as  well  as  the  warm  protestor  of  all  ufeful  know¬ 
ledge.  * 

4  Knowing 
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Knowing  this  generous  Prince  to  be  en¬ 
dowed  with  the  bed  difpofitions  that  any  of 
his  rank  ever  had,  for  encouraging  and  giving 
his  prote&ion  to  all  improvements  and  difeo- 
veries  beneficial  to  mankind,  this  confideration 
prompted  me  to  fend,  from  London,  one  of 
thefe  improved  machines  to  Brulfels,  for  the 
ufe  of  his  Highnefs;  and,  on  my  trying  it,  on 
my  arrival  there,  I  felt,  for  the  firft  time, 
how  difagreeable  it  was  to  wait  fo  long  for 
the  defired  effect;  which  could  be  foon  com- 
pleated,  if  the  firft  method  already  mentioned 
(No.  2)  was  employed:  for  which  reafon  I 
always  had  made  ufe  of  this  laft,  in  preference 
to  any  other;  as  it  requires  but  few  minutes 
to  compleat  the  operation. 

I  then  confidered  what  could  be  done  to 
avoid  this.  At  laft:  I  contrived  the  following 
apparatus,  confifting  of  fome  additional  pieces, 
by  which  means  the  whole  operation  is  fo 
fhortened,  as  to  take  but  few7  minutes;  and, 
at  the  fame  time,  the  quantity  of  the  artificial 
water  is  increafed  to  double  of  that,  which  is 
impregnated,  at  one  procefs,  in  the  fimple 
giafs-machine,  improved  by  Mr.  Parker. 


Description 
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Description  of  the  Simple  Glass- 

Machine. 

5.  ABC  (fig.  1,)  reprefents  one  of  the  im¬ 
proved  machines  of  Mr.  Parker,  {landing  upon 
a  wooden  difh  d  e,  in  order  to  avoid  any 
water,  if  fpilled,  from  falling  on  the  table. 
The  middle  veffel  B  has  a  neck,  which  is  in- 
ferted  into  the  mouth  of  the  veffel  A,  being 
nicely  ground  air-tight  to  it.  This  lower  neck 
of  the  middle  veffel  B,  has  a  flopple  V  of 
glafs,  compofed  of  two  parts,  both  having 
holes,  fufHcient  to  let  a  good  quantity  of  air 
pafs  through  them :  between  thefe  two  parts 
is  left  a  fmall  fpace,  containing  a  plano-convex 
lens,  which  adrs  like  a  valve,  in  letting  the  air 
pafs  from  below  upwards,  and  hindering  the 
fall  of  the  water  into  the  veffel  A. 

6 .  The  upper  veffel  C  terminates  below  in 
a  tube,  marked  2,  1,  (fig.  1,)  which  being- 
crooked,  hinders  the  immediate  paffage  of  the 
bubbles  of  fixed  air  into  the  upper  veffel  C, 
before  they  reach  the  furface  of  the  water  in 
the  veffel  B.  The  veffel  C  is  alfo  ground 
air-tight  to  the  upper  neck  of  the  middle  vef¬ 
fel  B ;  and  has  a  flopple  w,  fitted  to  its  upper 
mouth,  which  either  is  perforated  through  the 
middle,  as  w  and  i  (fig.  1  and  2);  or  is  of  a 

conical 
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conical  form,  without  any  hole.  But  it  will 
be  better  to  have  that  kind  of  ftopple,  which 
will  be  hereafter  defcribed,  No.  17.  This 
upper  veffel  C  contains  juft  half  the  water  „ 
that  can  be  contained  in  the  under  one  B; 
and  the  end  (1,)  of  its  crooked  tube  (2,  1,) 
goes  no  lower  than  the  middle  of  the  fame 
veffel  B.  Each  of  the  veffels,  A  and  B,  have 
an  opening,  m  and  n ,  with  ground  floppies, 
which  are  only  open  when  occafion  requires, 
as  will  be  mentioned  hereafter. 

7.  Figure  the  2nd  reprefents  the  two  veffels  B 
and  C  upon  a  wooden  ftand  F,  whilft  feparated 
from  the  veffel  A. 

Figure  the  4th  reprefents  a  wide  glafs- 
funnel  7,  which  may  enter  into  the  upper 
mouth  of  the  veffel  A. 

Figure  the  5th  reprefents  a  fmall  phial  p, 
which  ferves  to  meafure  the  quantity  of  the 
vitriolic  acid  to  be  made  ufe  of. 

Fig.  the  6th  reprefents  a  little  trough  of  tin 
R,  to  meafure  the  pounded  chalk  or  marble, 
that  is  to  be  employed  in  every  procefs: 

And  fig.  the  7th  reprefents  a  particular  kind 
of  floppies,  the  ufe  of  which  will  be  explained 
hereafter.  . 


THE 


(  «  ) 


tHE  PROCESS,  with  the  Simtle 

Machine. 

$.  Let  fome  dry  chalk,  as  it  comes  out  of 
the  earth,  that  is  to  fay,  raw,  without  being 
burned  in  the  fire  ;  or  rather  white  marble, 
which  is  much  better  for  the  purpofe  (e)>  be 
reduced  to  powder;  and  let  fome  oil  of  vitriol 
be  at  hand.  The  veffel  By  together  with  C, 
(fig-  '•)  muft  be  taken  off  from  A,  and  put 
on  the  wooden  hand  F  (fig.  2).  Let  the  veffel 
B  be  filled  with  fpring,  or  any  other  drinking 
Water,  or  even  with  diftilled  water;  and  let  it 
be  joined  again  with  the  upper  veffel  C. 


(e)  White  marble  being  firft  granulated,  or  pounded 
like  coarfe  fand,  is  much  better  for  this  purpofe,  than 
the  pounded  chalk :  becaufe  the  adtion  of  the  diluted 
acid  upon  the  marble,  lafts  a  very  confiderable  time; 
and  the  fupply  of  the  fixed,  air ,  which  is  difengaged  by 
this  efferveicence,  is  much  more  regular  than  otherwife. 
In  general  it  continues  to  furnifh  fixed  air  more  than 
twenty-four  hours.  When  no  more  air  is  produced,  if 
I  decant  out  of  the  veffel  A,  all  the  acid  fluid,  already 
faturated,  and  wafh  off  the  thin,  white  fediment:  I  may 
employ  again  the  remaining  granulated  marble,  by 
adding  to  it  frefh  water,  and  a  new  quantity  of  vitriolic 
acid ;  which  will  then  furnifh  a  further  fupply  of  fixed 
air :  and  this  may  be  repeated  over  again,  until  all  tha 
marble  is  diffolved;  which  will  not  be  very  foon. 


9.  Let 
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9*  Let  forae  water  be  poured  on  the  lower 
veffel  A,  fo  as  to  cover  the  riling  part  of  its 
bottom :  but  if  this  appears  too  vague  a  direo 
tion,  pour  in  fourteen  or  fixteen  meafures  of 
water,  with  the  glafs  p  (fig.  5.):  then  fill  the 
fame  phial  p  with  oil  of  vitriol,  and  pour  it 
into  the  fame  veffel  A,  along  with  the  water. 

It  will  be,  however,  much  eafier  to  have 
made  beforehand  the  mixture  of  oil  of  vitriol 
and  water,  in  the  above  proportion.  In  this 
cafe  it  will  not  be  liable  to  fuch  bad  confe- 
quences,  as  fometimes  happen  with  ftrong  oil 
of  vitriol,  which,  if  fpilt,  burns  and  deftroys 
almoft  every  thing  it  meets  with.  But  when 
weakened  by  the  mixture  of  about  fourteen  or 
fixteen  times  of  water,  as  its  own  bulk  (or 
twenty  times  its  bulk,  if  the  oil  of  vitriol  is 
well  concentrated)  hardly  will  it  then  be  able 
to  do  any  mifchief,  no  more  than  the  juice 
of  lemons,  or  any  other  fuch  acid,  as  vinegar, 
&c.  It  is  true  that  it’s  bulk  becomes  greatly 
increafed:  but  it’s  carriage  will  be  fafer,  and 
it’s  value  very  confiderably  cheaper  to  the 
purchafer. 

10.  After  the  acid  is  poured  into  the  veffel 
A,  let  the  glafs-funnel  q  (fig.  4.)  be  put  into 
the  lame  veffel :  and  filling  the  trough  R 
(fig.  6.)  with  the  pounded  chalk  or  marble, 

C  let 
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let  it  be  thrown  into  it.  Take  off  the  funnel 
q,  which  is  ufed  only  to  prevent  the  chalk 
from  touching  the  infide  of  the  mouth  of  this 
veffel  •,  fince  otherwife  it  will  (lick  fo  ftrongly 
to  the  neck  of  the  veffel  B,  as  not  to  allow 
the  taking  it  off  again  without  breaking. 
Then  immediately  place  the  two  veffels  B  and 
C,  as  they  are,  over  the  mouth  of  the  veffel  A; 
and  all  the  fixed  air  which  is  difengaged  from 
the  chalk  or  marble,  by  the  force  of  the  diluted 
acid,  will  pafs  up,  through  the  valve  V,  into  the 
veffel  B.  When  this  fixed  air  comes  to  the 
top  of  the  veffel  B,  it  will  diflodge  from  thence 
as  much  water  as  its  bulk:  and  this  water,  fo 
diflodged,  will  go  up,  by  the  crooked  tube 
2,  i,  into  the  veffel  C. 

ii.  Care  muff  be  taken  not  to  fhake  the 
veffel  A,  when  the  powdered  chalk  is  poured 
in;  for  otherwife  a  great  and  fudden  offervef- 
cence  will  enfue,  which  will,  perhaps,  expel 
part  of  the  contents.  In  fuch  a  cafe,  it  will 
be  neceffary  to  open  the  ftopple  m,  in  order  to 
give  vent  to  the  effervefcence  for  a  moment ; 
otherwile  the  veffel  A  may  happen  to  burff. 
Perhaps  it  will  be  neceffary  to  throw  away  the 
contents,  to  wafh  the  veffel  with  water  (be- 
caufe  the  boiling  matter  will  ftick  between  the 
necks  of  thefe  veffels,  and  will  cement  them  to¬ 
gether)  and  to  begin  the  operation  afrefh.  But 

if 
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if  the  powdered  chalk  is  thrown  in,  without 
any  confiderable  fhake  of  the  machine,  there 
will  be  but  a  fmall  effervefcence  at  the  begin¬ 
ning.  When  this  operates  well,  the  veffel  C 
will  foon  be  filled  with  water,  and  the  veffel 
B  half  filled  with  air;  which  when  done  will 
be  eafily  perceived,  by  the  air  going  up  in 
large  bubbles  by  the  crooked  tube  i,  2*,  this 
will  take  place  in  about  two  or  three  minutes* 

12.  Whenever  the  effervefcence  nearly  ceafes 
in  the  veffel  A,  it  will  be  revived  again  by 
giving  it  a  gentle  fhake,  fo  that  fome  part  of 
the  powdered  chalk  which  is  in  a  heap  at  the 
bottom  of  A,  may  be  mixed  with  the  diluted 
vitriolic  acid,  and  difengage  more  fixed  air* 
However,  when  it  happens  that  the  whole  is 
exhauffed,  and  no  more  air  nifties  up  to  the 
middle  veffel  from  the  lower  one,  either  more 
powdered  chalk  muff  be  put  in,  or  more  oil  of 
vitriol ;  or  at  laft  more  water,  if  neither  of  the 
two  find:  produced  the  defired  effeff.  Thefe 
additions  may  be  performed  by  letting  them  in, 
either  through  the  opening  m ,  or  through  the 
mouth  of  the  veffel  A.  In  this  cafe  ufe  muff 
always  be  made  of  the  funnel  y,  in  order  to 
avoid  the  flicking  of  the  junctures  above- 
mentioned.  If  thefe  veffels  be  fuffered  to  Hand 
fix  or  feven  hours,  the  water  will  be  fufficiently 
impregnated,  without  any  further  trouble,  pro- 
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Tided  the  fupply  of  fixed  air  be  copious:  and 
ftill  more  fo,  if  it  is  there  comprefTed  any 
way  (/).  It  will  be  of  fome  advantage  to 
fiiake  the  whole  apparatus  very  gently,  once 
or  twice  in  every  hour  :  In  this  cafe  the  water 
may  be  impregnated  by  the  fixed  air ,  in  four 
hours,  and  perhaps  lefs.  It  was,  however,  to 
avoid  even  this  delay,  that  I  invented  the  fol¬ 
lowing  additional  vefifels,  by  means  of  which 
the  whole  operation  is  confiderably  fhorter. 


Description  of  the  New  double  Machine. 

13.  Befides  the  two  vefiels  B  and  C  (fig.  1.), 
I  have  added  two  others  perfectly  alike,  repre- 
fented  by  G  and  H  (fig.  2.).  The  vefifel  H  is 
furniftied  with  a  ftopple  /,  either  of  a  conical 
form,  or  equally  perforated  as  the  other  w : 
this  veffel  contains  half  as  much  as  the  vefifel 
G.  Both  thefe  vefifels  are  fet  upon  the  wooden 
ftand  F ;  and  the  lower  neck  of  the  vefifel  G  is, 
not  only  furniftied  with  a  valve  and  ftopple,  as 
already  defcribed.  No.  5,  fpeaking  of  the 
velfel  B;  but  it  is  fitted,  and  ground  air  tight, 
to  the  neck  of  the  fame  vefifel  A ;  and  has  an 
opening  /,  with  a  ground  ftopple,  which  is 

(f)  When  the  hopple  w  is  folid,  of  a  conical  form, 
and  well  ground  to  the  upper  neck  of  the  velfel  C,  it 
then  greatly  contributes  to  forward  the  impregnation 
by  it’s  preflurej  as  will  be  feen  by-the-by,  No.  17. 

only 
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only  opened  when  occafion  requires*  as  will  be 
mentioned  hereafter. 

The  wooden  {land  K  (fig.  3.)  is  fo  contrived, 
that  a  thick  piece  of  glafs  x,  like  a  fmall  tum¬ 
bler,  muft  be  cemented  in  the  top,  after  it 
has  been  ground  air-tight  to  the  under  neck 
of  the  veffels  B  and  G.  The  form  of  this 

1 

Hand  is  eafily  conceived  by  fig.  3,  it  being 
plane  at  the  bottom,  turns  up  in  a  kind  of 
convexity  %  z  towards  it’s  edge,  and  has  a 
round  moulding  00,  which  hinders  its  tumbling, 

when  moderately  pufhed  fideways. 

» 

The  PROCESS,  with  the  double  glass- 

Machine, 

14.  The  two  middle  veffels  B  and  G  (fig. 
1.  and  2.),  are  to  be  filled  with  pure  water, 
and  put  on  the  Hands  K  and  F,  with  their 
upper  ones  C  and  H,  as  in  the  figure.  The 
mixture  of  oil  of  vitriol,  water,  and  powdered 
chalk,  or  rather  marble,  mull  be  done  in  the 
fame  manner,  as  was  faid  in  No.  9  :  and  finally 
the  veffels  B  and  C  are  to  be  put  on  the  veffel  A, 
as  was  faid  No.  10.  and  following.  But  as  foon 
as  the  veffel  C  is  filled  with  the  water,  thrown 
up  by  the  air,  which  diflodges  it  from  the 
vefiel  B,  through  the  crooked  tube  1.2.  Both 
thefe  veffels  B  and  C  are  to  be  removed  toge¬ 
ther 
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flier  as  they  are,  from  the  veffel  A,  to  the  ffand 
K  (fig.  3.),  and  the  other  veffels  G  H,  which 
are  in  the  ft  and  F,  are  to  be  put  in  their 
Head,  upon  the  veffel  A-  Whilff  the  operation 
is  going-on  in  thefe  lad,  you  mud  hold  the 
veffels  B  C,  which  are  in  the  hand  K,  by  the 
Keck  and  hopple  w  with  your  right  hand,  and 
the  under  neck  V  with  your  left:  incline  them 
z  little  tideways-,  and  (hake  them  very  brifkly, 
fo  that  the  water  within  B,  be  very  much  agi¬ 
tated,  preferring  many  frefh  furfaces  in  conta<ff 
with  the  fixed  air ;  the  greateft  part  of  which 
will  be  abforbed  into  the  water:  as  it  will 
foon  appear,  by  the  end  of  the  crooked  tube 
being  conliderably  under  the  fur  face  of  the 
water  in  the  veffel  B. 

15.  It  will  fuffice  to  {hake  the  water  in  this 
manner  during  two  or  three  minutes;  which 
done,  loofen  the  upper  veffel  C,  fo  that  the 
remaining  water  may  fall  into  the  veffel  B;  and 
ihe  unabforbed  air  may  go  out  (g).  Then 
taking  off  thefe  veffels  from  the  ffand  K,  put 
them,  joined  together  as  they  are,  on  the  ffand 
F.  By  this  time  the  veffel  G  will  be  half  filled 
with  fixed  air ;  and  the  upper  veffel  H  will  be 

(<y)  By  this  method,  even  the  Ample  glafs-machine, 
above-mentioned,  may  be  worked  fo,  as  to  have  the 
water  fully  impregnated  with  the  fixed  air ,  in  a  few 
minutes,  though  with  lefs  advantage. 

'  filled 
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filled  with  the  water  thrown  up  by  it.  Take 
then  thefe  vefifels  to  the  ftand  K,  and  replace 
the  others  B  C,  on  the  mouth  of  the  veffe'l  A, 
after  letting  out  the  unmixed  air,  as  afore  fa-id  5 
fo  that  thefe  vefifels  may  be  half  filled  again 
with  fixed  air,  whilft  the  water  in  the  vefifels 
GH  is  brifkly  lhaked  in  the  fame  manner,  as 
the  others  have  been. 

•  *  t 

When  this  operation  has  been  repeated  three* 
or  at  molt  four  times  alternately,  with  each  fet 
of  vefTels,  throwing  out  the  remaining  air  which 
does  not  incorporate  with  the  water,  after  it 
has  been  brifkly  fhaked  :  and  adding  frefit 
quantities  of  fixed,  air>  with  which  it  be  well 
agitated ;  in  this  cafe,  the  water  contained  in 
both  the  vefifels  B  and  C,  will  be  fully  la  tu¬ 
rned  in  a  few  minutes. 

/ 

16.  Thefe  artificial  mineral  waters,  are 
much  more  pleafant  to  tafte,  than  the  natural 
Pyrmont  or  Seltzer’s  waters,  which,  befides 
their  fixed  air  (the  only  part  perhaps  which 
affords  their  renewed  virtues,  and  which  is 
hardly  half  of  what  this  artificial  water  may 
abforb)  contain  fome  difagreeable  faline  tafte  : 
and  it  is  known  that  this  alone,  does  not  con¬ 
tribute  at  all  to  their  medicinal  virtues;  but 
on  the  contrary,  it  may  be  hurtful  in  fome. 
complicated  cafes. 


The 


(  16  ) 

The  artificial  waters  will  remain  as  limpid 
and  as  ti an  fparent  as  before,  although  there 
has  been  abforbed  above  as  much  air  as  their 
own  bulk.  The  whole  procefs  will  hardly 
take  above  a  quarter  of  an  hour,  by  this 
method ;  and  the  quantity  will  be  double  of 
that  which  could  be  made  in  the  fimple  glafs- 
machine. 

The  water  may  be  taken  out  by  the  opening 
/or  n ,  to  be  drank  immediately;  if  not,  it  will 
be  better  to  let  it  remain  in  the  machine, 
where  it  has  no  communication  with  the  ex- 
ternal  air;  otherwife,  the  fixed  air  goes  off  by 
degrees,  and  it  becomes  vapid  and  flat;  as  it 
happens  alfo  to  the  natural  acidulous  waters. 
Thefe  artificial  waters  may,  however,  be  kept 
a  very  long  time,  in  bottles  well  corked,  placed 
with  their  mouths  downwards. 

17.  In  general  they  are  fo  fimilar  to  the 
natural  acidulous  waters,  that  they  may  be 
even  made  to  fparkle  like  Champaign  wine. 
Mr.  Warltire  has  a&ually  brought  thefe  waters 
to  this  ft  ate,  by  keeping  the  fixed  air  com- 
prefifed  upon  the  furface  of  the  water  in  the 
middle  veftel ;  as  appears  by  liis  letter  printed 
in  the  Appendix  to  your  third  volume  of 
Experiments  and  Observations  on  Air ,  page  366. 
The  fame  end  will  be  obtained,  if,  inftead  of 
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die  floppies  w  and  i,  ufe  is  made  of  the  folid 
one  reprefented  (fig.  7.)  which  has  a  kind  of 
a  bafon  at  the  top,  in  order  to  hold  fome 
additional  weight.  This  flopple  mud  be  of 
a  conical  figure,  and  very  loofe;  but  fo  well 
ground  and  fmooth  in  its  contadl,  as  to  be 
air-tight  by  its  predure,  which  may  be  in- 
creafed  by  fome  additional  weights  in  its 
bafon.  If  the  vefi'els  are  flout  enough,  there 
is  no  danger  of  their  hording  in  the  opera¬ 
tion. 

18.  Thefe  waters  may  alfo  be  rendered 
fenugineous  (or  chalybeate)  very  eafily,  by 
putting,  in  the  middle  vefifel,  two  or  more 
flender  phials,  filled  with  cuttings  of  fine  iron¬ 
binding  wire;  otherwife  with  fmall  iron  nails: 
becaufe  the  impregnated  water  will  didfolve 
the  iron  fo  fad,  as  to  become  well  faturated 
with  it  in  a  few  hours,  according  to  the  ex¬ 
periment  of  Mr.  Lane.  If  the  iron  nails,  or 
the  cuttings  of  wire,  were  not  confined  in  the 
fmall  phials,  hut  fet  loofe  in  the  middle  vedel ; 
their  rud  or  fediment  would  foon  dop  the 
padfages  of  the  fixed  air  from  the  under  vedel : 
in  fuch  a  cafe  the  vedel  A  mud  burft;  and  the 
whole  machine  be  broken  into  pieces. 

19.  According  to  Sir  John  Pringle,  there 
may  be  added  to  each  pint  of  thefe  waters, 
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from  eight  to  ten  drops  of  tinttura  martis  cum 
fpiritu  falls ,  in  order  to  refemble  more  nearly 
to  the  genuine  Pyrmont  water.  But  the  me? 
thod  of  rendering  Chalybeate  thefe  artificial 
waters,  ufed  by  Dr.  Hulme,  is  to  add  one 
grain  of  fait  of  flee!  to  each  pint  (16  ounces) 
of  water  already  impregnated  with  fixed  air. 
There  is  no  doubt  but  thefe  artificial  waters 
may  be  advantageoufly  employed  in  many 
medical  purpofes ;  not  only  by  dfiTolving  in 
them  the  very  falts,  which  are  found  to  be 
contained  in  many  natural  fprings,  renowned 
for  their  different  virtues  j  but  by  applying 
them  limply  without  any  other  mixture.  The 
fame  able  phyfician  Dr.  Hulme,  has  lately 
published,  after  the  firft  edition  of  this 
pamphlet,  one  Account  of  different  Cafes  and 
Experiments ,  by  which  it  clearly  appears,  that 
fixed  air ,  adminiftered  internally,  has  a  power¬ 
ful  action  for  diffolving  the  done  in  the  blad¬ 
der,  and  againfl  nephritic  complaints.  Its 
efficacy  is  equally  beneficial  againfl  the  fcurvy, 
the  gout,  the  fevers,  even  the  hedlick  ones 
with  confumption,  the  dyfentery,  and  the 
worms  (A).  Thefe  artificial  wraters  may  be 

(h)  Dr.  HuLne’s  method  is  to  give  fifteen  grains  of 
fait  of  tartar,  diluted  with  three  ounces  of  pure,  or 
diftilled,  water,  four  times  a  day:  drinking  immediately 
after,  at  every  time,  the  fame  quantity  of  water  impreg¬ 
nated  with  twenty  drops  of  weak  fpirit  of  vitriol.  See 
hir  treat ife,  intituled,  Safe  and  eafy  Remedy ,  tffc.  in 
410,  London,  1771,  G.  Robinibn  and  P.  Elmily. 
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even  applied  as  a  vehicle  to  many  draughts; 
and  internal  medicines,  which  will  be  then  lefs 
naufeous  to  the  patients,  and  perhaps  more 
agreeable  to  the  ftomach*  giving  to  it  a  tofti- 
cal  ftrength. 

20.  The  advantages  derived  from  fixed  air 
in  (economical  purpofes,  deferve  to  be  taken 
notice  of  in  this  place.  Mr.  William  Lee  and 
his  neighbours,  at  Hartwell^  did  preferve  flelh 
meat  perfedtly  fweet  for  ten  days,  which  was 
as  long  as  they  had  occafion  for,  in  the  Jaft 
hot  weather  of  this  fummer  (1778),  one  of  the 
hotted;  we  ever  had  in  this  country ;  and  this 
was  obtained  by  walking  the  meat  two  or 
three  times  a  day  with  water  impregnated  with 
fixed  dir ;  even  meat  that  had  begun  to 
change  was  totally  recovered  by  the  fame 
procefs,  as  the  faid  gentleman  afferted  in  a 
letter  I  have  feen,  dire&ed  to  a  friend  of 
mine. 

I  (hall  conclude  this  fubjeft  by  obferving 
with  you,  that  fixed  air  may  be  given  to 
wine,  beer,  cyder,  and  to  almoft  any  liquor 
whatfoever.  Even  when  beer  has  become  flat* 
or  dead  as  it  is  called,  it  may  be  revived  by 
employing  the  fame  method:  but  the  delicate, 
though  brifk,  and  agreeable  flavour,  or  acidu¬ 
lous  tafte,  communicated  by  the  fixed  air,  and 
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which  is  fo  manifeft  in  water,  will  hardly  be 
perceived  in  w?ine,  or  other  liquors,  which  have 
much  tade  of  their  own.  I  diali  now  proceed 
to  the  fecond  object  of  this  letter. 


ON  EUDIOMETERS, 

2 1 .  The  happy  difeovery  you  have  made 
for  the  general  benefit  to  mankind,  and  per¬ 
haps  of  almod  the  whole  animal  creation  of 
this  globe,  by  finding  that  nitrous  air  is  a  true 
ieji  of  the  purity  of  refpirable  air ,  which  is  ab- 
folutely  neceffary  to  life,  and  without  which 
it  is  prefently  extinft,  gives  a  moil  driking 
inflanee  of  the  blameable  flownefs  of  mankind 
to  pay  a  proper  attention  to  thofe  objefls,  the 
importance  of  which  is  infinitely  fuperior  to 
that  of  the  numerous  trifling  novelties  which 
fo  often  fpread  with  prodigious  rapidity  through 
remote  provinces,  and  even  to  the  molt  didant 
countries  of  the  earth.  Since  the  beginning 
of  the  year  1772,  in  which  you  announced 
this  mod  intereding  and  valuable  difeovery, 
in  the  6 2d  vol.  of  the  PhilofophicalPranf actions^ 
no  more  than  three  or  four  philofophers,  that 
I  know  of,  have  given  any  confiderable  degree 
of  attention  to  fo  important  a  fubjeft:  I  mud 
acknowledge,  however,  that  fince  the  firft 
edition  of  this  pamphlet  their  number  is  very 
confiderably  increafed* 
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22.  The  Abbe  Fontana  and  the  Chevalier 
Landriani,  both  of  Italy,  and  already  known  to 
the  public  by  their  feveral  valuable  produc¬ 
tions,  were  the  firft,  as  it  feems,  who  availed 
themfelves  of  this  difcovery  (i),  Both  pro- 

pofed 

(i)  Mr.  Volta,  Profeffor  of  Natural  Philofophy  at 
Como  in  Italy,  has  made  a  difcovery,  mentioned  No.  V. 
of  the  Appendix  to  your  third  volume  On  different  Kinds 
of  Kir,  which  feems  clofely  connected  with  the-  prefent 
fubjedt.  He  difeovered  that  inflammable  air  is  contained 
in  the  mud  of  almoft  all  lakes,  marih.es,  and  wet  grounds 
of  Italy.  He  publilhed  different  Letters  on  this  fujbjefr, 
of  which  he  waS  fo  kind  as  to  fend  me  a  printed  copy, 
after  part  of  this  letter  was  printed.  The  experiments 
you  have  made  afterwards  with  me  at  Caine  on  this 
matter,  fhow  that  this  air  is  lefs  inflammable  than  what 
proceeds  from  the  folution  of  metals,  with  vitriolic 
acid :  it  burns  with  a  lambent  flow  flame,  like  the  air 
produced  by  heat  from  charcoal :  but  the  inflammable 
principle  of  this  air  feems  to  be  much  denier;  as  it 
Tears  a  larger  mixture  of  common  air,  without  defiroy-  „ 
ing  the  power  of  being  inflamed.  This  difcovery  of 
profeffor  Volta  accounts  very  well  for  the  unhealthy 
habitations  fuch  marfhy  grounds  generally  afford  to  the 
human  fpecies:  and  fhows  the  neceflitv  of  examining, 
with  care,  by  means  of  the  Eudiometer,  what  places 
are  fit  for  being  inhabited.  This  is  a  new  and  a  very 
interefting  requisite,  never  to  be  over-looked,  before 
any  building  is  eredted,  or  the  place  for  any  country 
feat  is  fixed  upon.  Such  grounds  or  places,  whole 
atmolphere  is  loaded  with  phlogiftic  miafms,  are  the 
mod:  dangerous  to  animal  life :  becaufe  the  air  of  fueh 
an  atmolphere  cannot  be  a  good  conductor  or  difeharger 
of  the  fuperabundant  phlogilton,  of  which  the  animal 
economy  requires  to  be  unloaded:  this  being  the  aim 
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pc  fed  to  the  public  one  of  the  moft  ufeful 
kinds  of  inftruments,  that  we  can  boaft  of 
among  the  numberlefs  ones  already  employed 
in  philofophical  refearches  and  experiments. 
They  gave  to  thele  inftruments  different  forms, 
as  appears  by  the  printed  defcriptions  that 
each  of  them  has  feparately  publifhed  :  and 
the  Chevalier  Landriani  has  tranfmitted  to 
England,  as  a  prefent  to  you,  the  very  inftru- 
ment  he  had  made  ufe  of,  to  eftimate  the 
refpeftive  falubrity  of  the  air  in  different 
parts  of  Italy,  as  mentioned  page  23  of  the 
Preface  to  your  third  volume  On  different 
Kinds  of  Air .  This  Eudiometer  is  fmaller  than 
that  defer i bed  by  him,  and  publifhed  in  the 
6th  volume  of  Rofier’s  Journal  for  the  year 
1775,  though  nearly  of  the  fame  form.  It 
confifts  of  a  glafs  tube,  ground  to  a  cylindrical 
veffel,  with  two  glafs  cocks,  and  a  fmall  bafon, 
all  fitted  in  a  wooden  frame.  Quickfilver  is 
there  ufed  in  head  of  water ;  and  that  part  of 
it  which  replaces  the  balk  loft  by  the  diminu¬ 
tion  of  the  two  mixed  airs,  is  conduced  either 

intended  by  Nature  in  the  fun£lion  of  refpiration,  as 
you  have  at  lafb  difeovered,  and  incontrovertibly  de- 
monftrated,  by  the  moft  decifive  experiments,  to  be 
the  cafe;  after  fo  many  inefte&ual  attempts  of  the 
greateft  phiiofophers  of  all  ages.  This  appears  by 
fe&ion  V.  page  55,  and  following,  of  your  third  volume 
On  different  Kinds  of  d'n\  London  edit.  1777 ;  and  by 
Phil,  V  ranjacl.  vol.  66.  p.  226. 

through 
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through  a  kind  of  glafs  fiphon,  or  through  the 
capillary  holes  of  a  glafs  funnel:  fo  that  by  its 
fall,  the  whole  mixture  of  the  two  kinds  of  air 
is  more  readily  made. 

23.  Dr.  Falconer  of  Bath  fent,  fome  time 
ago,  to  the  Royal  Society  of  London,  a  glafs 
tube,  neatly  divided;  by  means  of  which  one 
may  be  enabled  to  know  the  quantity  of  dimi¬ 
nution  , produced  in  a  certain  bulk  of  the  mix¬ 
ture  of  nitrous  air  with  another  air,  in  order  to 
judge  of  its  falubrity,  which  you  have  flicwa 
to  be  in  proportion  to  the  diminution  fujfered  in 
the  fum  of  their  original  bulk ,  after  they  are  mixed 
together .  This  method  is  the  n eared  to  yoinrv 
original  one,  or,  rather,  is  the  very  fame  you 
have  ufed  in  the  purfuit  of  this  difcovery;  as 
appears  by  your  printed  work  on  this  fubjedt: 
and  I  think  it  to  be  the  readied  of  all,  when¬ 
ever  no  great  nicety  is  required  in  obfervations 
of  this  kind.  There  are,  however,  fo  many 
eircumdances  neceffary  in  a  good  indrument 
for  fully  anfwering  fo  great  an  object  to  its 
utmod  extent,  that  I  fhould  be  deterred  from 
offering  to  the  public  what  I  have  as  yet  done 
on  this  fubjeft,  was  I  not  aware,  that  fome 
advantages  always  accrue  to  public  good  by 
any  new  deps  towards  perfection,  how  didant 
fbever  we  may  dill  happen  to  be  from  its  com- 
pleat  attainment. 


DESCRIP- 
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DESCRIPTION  OF  THE  FIRST  NEW 
EUDIOMETER. 

24.  Of  the  three  Eudiometers  I  have  con¬ 
trived,  which  are  reprefented  fig.  8,  15,  and 
16,  in  the  annexed  plate,  I  think  the  laft  is  the 
eafiefl  in  its  application,  and  the  moft  exadl  in 
its  refults.  The  figures  12,  14,  16,  and  17, 
reprefent  it  in  different  pofitions,  for  the  better 
underflanding  of  its  application:  and  it  confifts 
of  the  following  parts,  viz.  a  glafs  tube  mnc d 
fig.  16,  about  twelve  or  fifteen  inches  long, 
and  of  an  equal  diameter,  with  a  ground  glafs 
ftopple,  m:  a  veffel,  c,  the  neck  of  which  is 
ground  air-tight  to  the  lower  end  d  of  the 
tube  :  and  two  equal  phials  a  and  whofe 
necks  are  alfo  ground  air-tight  to  the  refpec- 
tive  mouths  of  the  veffel  c.  Both  thefe  vef- 
feis  contain  nearly  as  much  as  the  whole  tube 
tuned .  There  is,  moreover,  a  Hiding  brafs 
ring,  marked  z ,  which  Hides  in  the  tube  n  d> 
and  may  be  made  tight  at  pleafure  by  a  finger- 
lerew  :  and,  laftlv,  a  ruler,  either  of  brafs  or 
of  wood,  reprefented  fig.  11,  which  is  divided 
into  equal  parts,  and  indicates  the  contents  of 
both  the  phials  a  and  b,  when  thrown  into  the 
tube,  by  the  number  of  parts  which  is  en¬ 
graved  or  ftamped  about  the  middle  of  it. 
The  two  bent  pieces  of  brafs  z  t  ferve  to  hold 

it 
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it  eafily  In  the  fide  of  the  tube  n  d  fig.  14 
and  17,  keeping  it  clofe  to  its  neck  n  by  the 
notch  u 

25.  Experiments  with  thefe  Eudiometers, 
which  are  eafily  condruded,  may  be  made 
either  with  water  or  with  quickfilver  ;  with 
this  difference,  that  when  the  lad  is  made  ufe 
of,  the  Eudiometers  (particularly  the  third, 
reprefented  fig.  8,  which  feems  the  fitted;  for 
being  ufed  with  quickfilver)  will  be  more 
convenient,  if  made  of  a  dill  fmaller  fize. 
Mercury,  however,  is  a  fluid  that,  I  think, 
never  ought  to  be  ufed  preferably  to  water 
in  the  infide  of  Eudiometers  ;  becaufe  it  differs 
a  fenfible  adion  from  the  contad  with  nitrous 
air,  as  yourfelf  have  obferved:  and  this  mud 
have  an  influence  on  the  refolt  of  the  experi¬ 
ments.  Water,  on  the  contrary,  feems  ids 
liable  to  midakes,  although  it  imbibes  fome 
part  of  the  nitrous  air .  In  fad,  this  effed  only 
takes  place  in  a  long  time,  or  with  much  agi¬ 
tation  :  and,  after  duly  weighing  the  qnedion 
on  both  fides,  I  fhould  think  water  may  be 
generally  ufed,  without  the  fear  of  any  fenfible 
error.  The  weight  and  the  dearnefs  of  quick- 
fiiver  are,  likewile,  two  other  confiderations 
to  give  the  preference  to  water  in  thefe 
experiment^. 
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THE  PROCESS. 

26.  In  the  firft  place  there  mud  be  either  a 
trough,  as  reprefented  fig.  1  j(k);  or  at  lead 
a  common  tub,  nearly  filled  up  with  water  ; 
unlefs  the  tall  glafs  receiver,  of  which  I  {hall 
fpeak  No.  34,  be  at  hand.  I  take  out  the 
{topple  m  (fig.  16,)  and  fill  the  Eudiometer 
entirely  with  water,  keeping  it  in  the  pofitiou 
reprefented  fig.  16  and  17.  I  then  ihut  it 
with  the  ftopple  m,  without  leaving  any  bub¬ 
ble  of  air  in  the  infide-,  and  put  the  lower 
part  c,  under  the  furface  of  the  water  in  the 
tub  (fig.  17)  in  an  ereft  pofition,  as  it  is  therein 
feen.  I  take  the  phial  a ,  filled  with  water; 
and,  keeping  its  mouth  downwards  under  the 
furface  of  the  water,  I  fill  it  with  that  air, 
the  falubrity  of  which  i  want  to  afeertain. 
m  c''  ,  This 

(k)  This  figure  17  reprefents  the  moil:  commodious 
fhape,  a  trough  mu  ft  have  for  any  experiments  on  dif¬ 
ferent  kinds  cf  air.  It  is  made  with  ftrait  boards  of  elm- 
wood  one  inch  thick.  The  infide  dimensions  are  25 
inches  long,  13 \  wide,  and  11  deep,  Englilh  meafure. 
The  two  end-boards,  c  d  and  e  /,  are  fitted  into  a 
groove,  cut  in  the  other  three  boards ;  this  is  daubed 
with  thick  white  painting,  as  a  cement,  to  keep  well  the 
water  in  :  and  the  whole  is  faftened  with  ferews  from  the 
outfide.  The  fhelf  w  an  0  is  eisdit  inches  wide,  and  two 
inches  thick.  It  has  three  holes  of  three  tenths  -of  an 

t 

inch  diameter,  with  as  many  feparate  cavities  under¬ 
neath 
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^his  is  done  either  by  putting  the  phial  a  on 
the  Ihelf  no  of  the  tub  fig.  17,  and  throwing 
the  air  into  the  glafs  funnel  t,  which  is  there 
cemented  to  the  fhelf ;  or  by  holding  in  the 
left  hand  the  fame  phial  a ,  together  with  the 
glafs  funnel  B  (which  is  reprefented  fig.  1 8% 
and  has  no  pipe  at  all)  applied  to  the  mouth 
of  the  phial,  whilft  I  throw  up  the  air,  with 
my  right  hand,  into  it  (/)*  But  left  the  heat 

of 

neath,  fo  as  to  ferve  like  fo  many  funnels.  The  figure, 
however,  rep  re  Tents  a  glafs  funnel  t  cemented  to  the 
middle  hole  n:  which  is  equally  convenient.  This  fhelf 
is  fupported  by  four  metallic  hooks  zzV  which  may 
be  raifed  or  lowered  at  pleafure*  by  the  wooden  wedges 
there  reprefented  s  and  it  is  white  painted  with  oil 
colour,  as  well  as  the  whole  trough,  both  in  the  infide 
and  out  fide. 

(1)  The  cafe  I  arh  fpeaking  of,  is  when  I  have  a 
bottle  of  air,  which  has  been  taken  at  any  diftant  place, 
and  fent  for  trial.  If  a  glafs  bottle,  with  a  ground  glafs 
Hopple,  is  filled  with  wrater  or  with  mercury,  and 
emptied  in  the  place  whofe  atmofpherical  air  is  intended 
for  being  examined^  it  will,  of  courfe,  be  filled  with  that 
air:  and,  being  clofely  fhut  with  the  glafs  Hopple,  may 
be  carried  to  any  diftant  place  for  trial.  By  this  means 
the  atmofpherical  air  of  any  part  of  a  country  may  be 
fent  to  any  diftant  one,  in  order  to  afcertain  its  compa¬ 
rative  falubrity  :  and  many  ufeful  inquiries  and  diico- 
veries  may  be  made  hereafter  on  this  fubjeft,  with  great 
eafe,  and  at  very  fmall  expence. 

But  if  T  only  want  to  try  the  air  of  the  room,  where 
I  have  the  Eudiometer,  I  then  only  pour  out,  of  the 
phial  a9  the  water  it  contains,  X  find,  however,  that 

E  z  after 
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of  iiiv  band  fiiould  produce  any  confiderablc 
expanfion  in  this  air,  I  generally  ufe  in 
hot  weather  the  wooden  tongs,  reprefented 
fig.  2i,  with  two  bent  wires  xx,  in  order  to 
hold  the  glafs  funnel  z  clofe  to  the  mouth  of 
the  phials;  unlefs  thefe  are  made  with  a  folid 
lump  at  their  bottoms,  as  reprefented  in  the 
plate.  See  note  (*w). 

27.  The 

after  fome  trials  with  nitrous  air ,  the  atmofphere  about 
me  is  loaded  with  phlogiftic  miafma:  and  for  that  rea- 
fon  I  always  empty  the  phial  a  out  of  the  window'  of 
the  room,  in  order  to  have  nearly  the  fame  kind  of  air 
in  all  the  experiments. 

(m)  There  are  fome  niceties  to  be  obferved  in  order 
to  till  up,  exa6tly,  any  phial  intended  to  ierve  as  a 
tneafure  of  air;  of  which  I  muft  give  an  account  in  this 
place.  The  eafieft  method  to  fucceed  is  the  following! 
Let  a  glafs  funnels  (fig.  17.)  be  cemented  under  the 
hole  n  of  the  fhelf  n  0  in  the  trough.  In  this  cafe  I  hold 
the  phial  a  filled  with  water,  with  its  mouth  downwards 
over  the  hole  n  of  the  funnel  t ;  I  throw  the  air  into 
the  funnel ;  and,  when  the  phial  is  filled  with  air,  I 
take  it  tideways,  rubbing  its  mouth  along  the  furface  of 
the  fhelf,  lo  that  the  redundant  air,  adhering  to  the 
mouth  of  the  phial,  be  got  oft':  and  1  put  it  into  the 
mouth  of  the  Eudiometer  it  belongs  to.  But  as  the 
heat  of  the  hand  muft  expand  the  air  contained  in  the 
phial,  which  of  courfe  will  then  contain  lefs  air  than 
its  real  meafnre  in  the  temperature  of  the  furrounding 
water,  I  handle  the  phial  with  a  kind  of  pliers  or  tcngS 
of  wood,  reprefented  fig.  21,  till  the  neck  enters  into 
the  proper  place  of  the  veflel  c,  where  I  fecure  it  with  the 
other  hand ;  and,  laying  atide  the  wooden  tongs,  I 
make  it  properly  tight.  But  if  the  phials  have  a  lolid 
knob  or  batis  at  their  bottoms,  as  reprefented  in  the 

plate, 
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The  phial  a  being  filled  with  that  air, 
the  falubrity  of  which  I  am  to  examine ;  I  put 
.it  into  the  mouth  of  the  veflel  c ±  making  it 
rather  tight,  which  mufl  be  done  with  fome 
care ;  for  if  the  phials  a  and  b  are  not  tight 
enough  to  the  refpe&ive  mouths  of  the  veflel 
they  will  flip  out,  when  turned  downwards, 
and  of  courfe  will  be  broken:  and,  if  they 
are  too  tight,  the  veflel*:  will  be  eafily  cracked, 
and  become  unfit  for  ufe.  The  better  to  % 
avoid  thefe  accidents,  and  to  judge  of  the 

plate,  it  will  then  be  enough  to  handle  them  by  it  only: 
fince  the  heat  of  the  hand  cannot  be  then  communi¬ 
cated,  in  fo  fhort  a  time,  to  the  air  in  the  iniide,  through 
iuch  a  folid  balls. 

If  I  have  not  the  convenience  of  a  trough,  prepared 
with  a  Ihelf,  and  its  fixed  funnel,  as  above  mentioned: 
an  affiftant  holds  the  funnel  under  the  water  in  a  com¬ 
mon  tub,  whiift  I  iill  up  the  phial  with  air :  and  I  take 
care  to  hold  the  phial  in  fuch  a  manner  that  the  end  of 
the  funnel  be  out  of  the  iniide  of  the  phial  at  the  laft 
moment,  that  the  air  may  mill  out,  after  it  is  totally 
filled  :  otherwife  that  part  of  the  phial,  occupied  by 
the  end  of  the  funnel,  will  not  be  totally  filled  with 
the  air* 

Even  without  any  affiftant,  but  with  a  little  care,  a 
perfon  may  hold  both  the  phial  and  the  funnel  in  the 
left  hand,  whilft  he  throws  the  air  into  it  with  the  other 
hand;  as  I  have  myfelf  frequently  done  in  experiments 
of  this  kind  :  and  when  I  make  ufe  of  the  wooden  tongs, 

I  add  to  it  the  two  bent  pieces  of  wire  x  x  (fig.  21.)  by 
means  of  which  the  funnel  is  kept  clofe  to  the  mouth  pf 
the  phial. 


proper 
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proper  degree  of  tightnefs;  the  necks  of  th<£ 
-  phials  a  b,  and  of  the  veflel  r,  as  well  as  the 
glafs  ftopple  muft  be  always  rubbed  with 
tallow,  previoufly  to  every  experiment.  When 
I  have  done  with  the  phial  a ,  I  take  the  other 
phial  Z>,  filled  with  water:  by  the  fame  method 
I  throw  into  it  as  much  nitrous  airi  as  to  be 
perfe&ly  filled  up  with  it:  and  I  then  replace 
this  phial  b  in  the  other  mouth  of  the  vef- 
fel,  c  ( n )» 

28.  I 

(n)  No  pains  or  trouble  ought  to  be  fpared,  iii 
order  to  obtain,  at  any  rate,  a  nitrons  air  perfectly 
alike  in  its  contradive  power,  when  mixed  with  com¬ 
mon  air. 

»  *.  1 

In  order  to  come  the  neared  to  this,  I  take  a  phial 
D  (fig.  19.)  like  thofe  you  have  defcribed  in  the  fecond 
volume  of  your  work  On  different  Kinds  of  Air :  to  the 
mouth  of  which  is  ground  air-tight  the  crooked  tube  n  % 
in  the  fhape  of  an  S.  I  fill  the  half  of  this  phial  with 
thin  brafs  wire,  the  thicknefs  of  which  is  equal  to  4^  of 
an  Englifh  inch,  nicely  cut  by  a  pin-maker  to  this 
length.  I  fill  the  three  quarters  of  the  phial  with  com¬ 
mon  water;  and  the  remainder  with  nitrous  acid ,  which 
1  have  always  taken  of  the  bed  fort,  at  the  Apothecary^ 
Hall  in  London.  I  put  the  crooked  tube  n  %  to  the 
phial :  and,  as  foon  as  the  etfervefcence  caufes  the  liquor 
to  rife  to  the  end  z  of  the  tube,  I  pals  it  under  water 
into  the  mouth  of  the  bottle  E  (fig.  20.)  which  is  filled 
with  water,  and' inverted  wiih  its  mouth  downwards, 
marked  by  17.  upon  the  hole  ofthefhelf  wo,  covered 

with  water  within  the  trough,  or  pan,  as  feen  fig,  17. 

When 
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a 8.  I  take  afterwards  the  Eudiometer  with 
ifny  left  hand,  holding  it  by  the  part  dy  over 

the 

\ 

When  the  bottle  F  is  entirely  filled  by  the  nitrous 
airy  I  fhut  it  up  with  its  ftopple  x  (fig.  20,)  which  I 
pafs  under  the  furface  of  the  water,  to  avoid  any  com¬ 
munication  with  the  external  air:  and  I  puffi  this  bottle 
under  the  flielf,  where  I  let  it  remain  for  a  quarter  of 
an  hour,  to  acquire  the  fame  temperature  of  the  fur¬ 
rounding  water:  and  the  fame  I  always  obferve  with 
the  bottle,  containing  that  atmofpherjcal  air,  which  I 
flefire  to  try,  before  I  put  it  into  the  phial  b. 

I  mind  acknowledge,  however,  that,  notwithftanding 
thefe  precautions,  I  cannot  fay  that  all  the  refults  of 
my  experiments,  even  when  made  upon  the  fame  at- 
mofpherical  air,  have  as  yet  agreed  fo  exactly  as  I 
flattered  myfelf  they  would.  Perhaps  there  was  fome 
difference  in  the  ffrength  of  the  nitrous  air ,  the  den- 
fity  of  which  I  thought  might  be  proportionable 
to  its  ffrenghih ;  if  fo,  it  may  be  brought  to  a  fettled 
ffandard  eafily,  and  be  determined  by  means  of  a 
glafs  hydrometer.  Perhaps  there  was  fome  other  little 
variety  in  the  circumffances  of  the  experiments,  the 
influence  of  which  I  was  not  aware  of.  But  let  it  be 
as  it  may  :  I  very  willingly  leave  this  problem  to  be 
refolved  by  abler  chemifts  than  I  can  pretend  to  be: 
and  I  heartily  wifih  they  may  fucceed  better  than  I  have 
done  :  for,  without  being  allured  of  getting  every  where 
a  certain  fiandard  nitrous  air ,  by  which  the  fame  at  mo¬ 
fpherical  air  be  equally  affedfed,  we  cannot  draw  with 
certainty  any  general  deciiive  conclufions,  from  Endio- 
metrical  experiments  made  in  diffant  times  or  places. 

Before  I  leave  this  fubjeef,  I  cannot  help  mentioning 
two  finking  circumffances  relating  to  nitrous  air.  The 
flrft  is  the  great  quantity  of  it,  produced  by  the  addon  of 

nitrous 
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the  furface  of  the  water  in  the  trough,  to 
avoid  breaking  any  of  the  phials,  if  it  chances 
to  fall*  and,  with  my  right  hand,  I  turn  the 
Tefi el  c  upwards,  fo  that  the  two  phials  may 
be  downwards,  as  reprefented  fig.  14.  By 
this  operation  the  two  kinds  of  air  come 
up  to  x%  from  the  phials  ab\  and  there  they 
mix  together  in  the  bell:  poflible  manner;  the 

particles 

nitrous  acid  on  many  metals;  which  may  llili  be  carried 
to  a  greater  extent,  if  helped  by  bringing  the  flame 
of  a  candle  to  the  bottom  of  the  phial,  which  contains 
the  folution,  when  it  feeirjs  to  be  nearly  done  with :  if 
the  bottom  of  this  glafs  phial,  fig.  19,  be  round  and 
very  thin,  it  will  not  crack  by  the  heat  of  the  flame. 
The  Second  circumflance  is  the  antifeptic  power  of 
nitious  air  to  preferve  animal  matters  from  corruption. 
A  beef- flake,  alrnolt  entirely  putrid,  and  with  an  iniup? 
portable  llench,  being  put  into  a  jar  of  nitrous  air ,  in 
lefs  than  two  days  was  perfectly  reftored,  and  very 
eatable  when  drelfed.  A  pigeon  was  very  well  pre- 
ferved  above  fix  weeks  by  the  fame  treatment;  and, 
when  roafled,  was  found  fo  good  as  to  be  eaten  without 
any  dif] ike.  Two  other  pigeons  were  kept  in  it  full  fix 
months  without  corruption  :  they  were  flill  very  firm, 
and  of  a  good  colour;  but  the  flefh  had  loft  all  its 
flavour,  and  was  far  from  being  eatable  when  drelTed. 
But  the  nit 1  ous  air  for  thel’e  ceconomical  purpofes, 
which  may  be  of  a  great  refource  at  fea,  as  well  as 
at  home,  mufl  be  made  out  of  nitrous  acid  with  iron, 
or  other  metal  lefs  exceptionable,  than  brafs  or  copper, 
the  effluvia  of  which  are  pernicious  to  animals :  and  for 
this  real'on  the  method  already  mentioned,  No.  20,  fcems 
to  deferve  fome  particular  regard,  whenever  the  circurn- 
iiances  allow  it  to  be  made  ule  of. 


The 
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particles  of  each  having  a  large  room  to 
come  into  contact  with  each  other  ,*  fmce  the 
foremoil:  ones  do  not  detain  thofe  which  are 
behind,  as  it  happens  when  this  mixture  is 
-  made  in  a  narrow  veffel.  This  being  done, 

I  immediately  dip  the  Eudiometer  in  the 
water  of  the  trough  (fig.  17),  leaving  the 
mouth  of  the  inftrument  above  its  furface; 
fo  that  no  more  water  may  enter  in  than  what 
it  had  at  firft.  I  then  obferve  with  attention 
the  moment  when  the  mixture  x  (fig.  14) 
of  the  two  kinds  of  air  comes  to  its  greateft 
diminution,  after  which  its  bulk  will  begin 
to  increafe  again.  In  order  to  catch  this 
moment  with  certainty,  I  Hide  down  the  brafs 
ring  z  of  the  inftrument,  as  the  furface  of  the 
water  in  the  tube  falls.  This  point  of  the 
greateft  diminution  will  be  eafily  perceived, 
by  obferving  when  that  infide  furface  is 
tionary:  which  will  happen  in  a  few  minutes, 
if  the  nitrous  air  has  a  proper  ftrength  (0). 

(0)  The  bulk  of  the  mixed  air  will  decreafe  to  a  cer¬ 
tain  degree,  within  a  few  minutes,  according  to  the 
ftrength  of  nitrous  air.  Afterwards  it  will  begin  to  ex¬ 
pand  again:  but  this  it  will  do  to  a  very  ihort  limit,  much 
below  its  former  bulk.  This  is  a  phenomenon  Which,  I 
think,  I  have  obferved  the  fir  ft  on  thefe  experiments; 
having  made  a  very  great  number  of  them  with  nice 
Eudiometers,  of  the  kind  I  am  now  defcribing.  It 
certainly  deferves  the  attention  of  Philofophers :  and, 
although  I  have  communicated  it  to  fome  of  my  acquain¬ 
tance,  none  have  as  yet,  in  my  humble  opinion,  given  a 
fatisfa&ory  folution  of  this  phenomenon. 

F 
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2g.  As  foon  as  the  diminution  of  the  two 
kinds  of  air  appears  to  be  dationary,  I  fill  up 
the  whole  tube  of  the  Eudiometer  with  water  : 

I  fhut  it  up  with  the  hopple  m;  and  incline 
the  top  of  the  inftrument  forwards,  till  the  air 
comes  from  x  (fig.  14)  up  to  the  top  n  of  the 
tube.  I  then  keep  the  lower  part  of  the  in- 
,  drument  dipped  in  the  water;  take  off  the 
glafs  vefTel  c  with  the  two  phials  a  b:  and  raife 
or  lower  the  tube  of  the  Eudiometer,  fo  as 
to  fee  the  furface  of  the  water,  in  the  infid e, 
even  with  that  in  the  outfide ;  which  I  mark 
by  Aiding  to  it  the  brafs  ring  z.  Otherwife  I 
apply  the  ruler  (fig.  11,  without  making  any 
ufe  now  of  the  brafs  ling)  to  the  fide  of  the 
Eudiometer,,  whild  it  is  immerfed  in  the  water 
of  the  trough:  and  there  I  fee  the  true  dimen- 
iion  of  the  remaining;  bulk  of  the  two  kinds  of 
sir,  already  diminifhed.  Perhaps  the  bed 
method  for  this  obfervation  would  be  to 
allow  time  enough  that  the  mixed  air  may 
take  its  fettled  bulk ;  but  this  requires  foime- 
times  twenty-four  hours  time.  I  leave,  how¬ 
ever,  the  choice  of  thefe  two  methods  to  the 
obferver,  who  may  ufe  both  If  he  pleafes, 
provided  he  keeps  diftin&ly  the  refult  of  each 
method,  in  his  account  of  thefe  experiments. 

% 

30.  The  number  marked  about  the  middle 
of  this  ruler  (fig.  1 1),  as  for  indance,  *  ==9 6, 

means. 
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means,  that  the  contents  of  both  phials,  a  and 
by  are  equal  to  ninety-fix  divifions  of  the  ruler, 
when  put  into  the  tube  of  that  Eudiometer  : 
that  is  to  fay,  they  are  equal  to  a  folid  cylin¬ 
der,  as  thick  as  the  infide  of  the  glafs  tube, 
and  whofe  length  is  ninety-fix  divifions  of  the 
ruler,  which  has  been  divided  into  tenths  of 
an  Enedifn  inch. 

O  i 

31.  Now  if,  for  inftance,  this  remaining 
bulk  of  mixed  air  correfponds  to  the  56th 
divifion  of  the  ruler,  it  (hews  that,  out  of  96 
parts,  only  40  (“96—56)  have  been  loft  or 
contracted:  and,  in  this  cafe,  the  wholefome- 
nefs  of  that  air,  which  I  call  A,,  will  be  -J-t.  If 
another  equal  quantity  of  different  air,  which  I 
ill  a  1 1  call  B,  had  alfo  been  tried  by  the  fame 
Eudiometer,  and  its  refiduum  was  equal  to 
60  parts  of  the  fame  ruler,  the  refpedtive  fa- 
lubrity  of  the  air  B  will  then  be  to  that  of  the 
air  Ay  as  36  (—96-60)  to  40, 


32.  But  if  the  air  B  had  been  tried  by  ano¬ 
ther  Eudiometer,  whofe  proportional  dimen- 
fions,  marked  about  the  middle  of  the  ruler, 
were  *  -$f  =  108,  then  the  refpeftive  falu- 
brity  of  thefe  two  kinds  of  air  A  and  B, 


would  be  in  the  compound  ratio  of  to  ~frs 
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36x96  to  40X  108 


3456  to  4320  =  54  tQ 


I08X96 

67,  5  :  that  is  to  fay,  the  wholcfomenefs  of  thg 

F  %  air 


(  3«  ) 

air  B  would  be  to  that  of  the  air  A,  as  <4.  to 

67i  (/>)• 

33.  Nearly  the  fame  refults  would  be 
found,  if  the  ruler  (fig.  n)  was  applied  to 
the  fide  of  the  Eudiometer  as  foon  as  the 
inclofed  mixture  of  air  came  to  its  utmofl  dimi¬ 
nution,  as  mentioned  No.  28  :  becaufe  as 
much  water  mull  fall  into  the  tube  nd,  as 
correlponds  to  the  diminution  fuffered  by  the 

two  mixed  airs  in  x  (fig.  14),  as  it  is  longer 

\ 

( p )  It  is  fuppofed  that  the  inflde  of  the  tube  is  of  an 
uniform  diameter;  but  it  often  happens,  that  there  are 
jfome  varieties  in  different  parts  of  its  whole  length. 
When  they  are  not  very  conliderable,  we  may  negledt 
their  influence  in  the  refill t  of  thefe  Eudiometrical  expe¬ 
riments  ;  but,  when  the  contrary  happens,  it  will  be 
very  eafy  to  make  a  proper  allowance  for  them  in  the 
calculation.  It  is  for  this  reafon  that  I  have  always 
ordered  that  the  contents  of  one  tingle  phial  be  marked 
alfo  upon  the  fcale  of  each  Eudiometer,  as  well  as  the 
contents  of  both  phials ;  for  inflance  as  in  this  man¬ 
ner  : 

*  *  =  96 
•*—47 

which  means,  firft,  that  the  contents  of  both  phials  a 
and  b  are  equal  to  a  cylinder,  whofe  diameter  is  the 
fame  as  that  of  the  infide  bore  of  the  tube  nd  (fig.  16), 
and  whofe  height  is  equal  to  96  equal  divifions  of  the 
ruler:  feconly,  that  the  contents  of  a  Engle  phial  are 
equal  to  47  divifions  in  the  upper  part  of  the  fame  tube 
mnd ,  and  of  courfe  to  49  divifions  (  —  96 — 47)  of  its 
lower  part.  By  this  difference  it  appears,  that  the  tube 
of  fuch  Eudiometer  is  wider  in  the  top  than  at  the  bot¬ 
tom,  by  gV  of  the  whole. 


1 
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or  (hotter :  and  thefe  varieties  ought  not  to 
be  overlooked  in  nice  experiments:  they  are 
avoided  by  the  proceis  already  described. 
No.  29  ;  and  may  otherwife  be  prevented  by 
the  method*  of  which  I  will  fpeak  at  the  end 
of  No.  39. 

34.  Whenever  I  have  at  hand  a  tall  glafs 
receiver*  like  that  reprefented  fig.  14,  the 
whole  procefs  is  then  more  eafily  performed ; 
for  in  this  care  1  dip  the  Eudiometer*  inverted 
as  it  appears  fig.  12*  into  the  water  contained 
in  the  veffei  VS  q  l:  1  then  put  the  two  kinds 
of  air  into  the  phials  a  and  b  as  above  faid* 
No.  26  and  27:  I  turn  the  inflrument  upright* 
as  reprefented  fig.  14;  and  finifh  the  procefs, 
as  I  have  already  defcribed. 

35.  I  mud,  however,  warn  the  operator 
that*  unlefs  every  trial,  and  even  almod  every 
part  of  the  procefs*  be  made  in  the  fame  tem¬ 
perature  ;  or*  at  lead,  unlefs  the  varieties 
arifing  from  this  caufe  be  accounted  for ;  no 
reliance  can  be  had  on  the  refult  of  fuch 
experiments:  it  being  well  known,  that  air  is 
apt  to  increafe  or  diminifh  very  confiderably 
in  its  bulk  by  the  influence  of  heat  and  cold. 
It  is  for  this  reafon  that  I  condantly  keep  a 
good  thermometer  K ,  which  hang3  by  the  wire 
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yr,  and  is  immerfed  in  the  water  of  the  glafs 
velfel  fig*  14,  or  in  the  trough  fig.  17,  when¬ 
ever  I  make  any  of  thefe  experiments.  For 
the  fame  reafon  I  take  care  to  leave  the 
Eudiometer  and  the  veffels  of  air  immerfed 
in  water  time  enough,  as  above-mentioned, 
to  get  the  fame  temperature :  and  I  make  ufe 
of  the  wooden  tongs  mentioned  hi  note  (g), 
whenever  I  handle  the  phials  a  b  filled  with 
air,  unlefs  I  feel  the  heat  of  my  hands  to  be 
the  fame  as  that  of  the  water,  in  the  trough, 
1  make  ufe  of.  But  if  the  phials  are  made 
with  a  flat  bafis  or  bottom  to  each,  as  reprc- 
fented  in  the  plate;  in  that  cafe  the  wooden 
tongs  are  quite  unneceffary* 


DESCRIPTION  OF  THE  SECOND 
NEW  EUDIOMETER. 

36.  The  Eudiometer,  reprefented  fig.  15, 
confifls  of  a  glafs  tube  t  c,  two  or  three  feet 
lonar,  and  of  an  uniform  diameter  :  the  end  c 
is  bent  forwards ;  and  the  other  end  t  is  wide 
open,  as  a  funnel,  unlefs  a  feparate  one  is  made 
ufe  of:  this  tube  is  faftened,  by  two  loops, 
to  the  brafs  fcale  cwt  V.  There  is  a  glafs  phial 
tiy  the  neck  V  of  which  is  ground  air-tight 
to  the  end  t  of  the  tube ;  and  contains  only 
half  of  the  whole  infide  capacity  of  the  divided 

tuh$ 
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tube  c  t.  It  has,  at  the  other  end  c,  a  large 
round  phial  a  b  c,  containing  three  or  four 
times  the  bulk  of  the  phial  n:  its  neck  is  alfo 
ground  air-tight  to  the  mouth  c  of  the  tube. 
The  brafs  fcale  cwtV  is  divided  into  128 
equal  parts,  this  being  a  number  that  can  be 
divided  to  unity  in  a  fubduplicate  ratio  with¬ 
out  fraction,  by  continual  bifections;  on  which 
account  it  is  one  of  the  numbers  the  late 
famous  Mr.  Bird  had  adopted  for  his  dividing 
mathematical  inftruments  with  the  utmoft  accu¬ 
racy.  Thefe  numbers  are  fet  out  in  the  fcale 
from  t  towards  c*  The  contents  or  capacity  of 
the  tube  till  the  number  128  is  the  double  of 
the  capacity  of  the  phial  n,  Belides  this  there 
is  a  tin  vefTel  xsdtro  (fig.  1 5*),  which  may 
ferve  as  a  packing  cafe  for  the  whole  inflru- 
ment,  and  its  necefiary  appendages  ;  and  alfo 
as  a  trough,  when  experiments  are  made,  it 
being  then  filled  with  water.  Both  the  glafs 
tube  K,  reprefented  fig.  22,  and  the  glafs 
ffopple  m  (fig.  15*),  belong  to  this  Eudiome¬ 
ter;  and  both  are  fitted  in,  air-tight,  to  its 
mouth  V. 

THE  PROCESS. 

37.  Let  the  inllrument  be  immerfed  under 
the  water  22  of  the  tin  veffel  fig.  15*:  and 

let 
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let  the  phial  n,  filled  with  water,  be  put  in  the 
infide  focket  ee  d  of  the  tin  vefiTel.  Let  it  be 
filled  with  nitrous  air ,  as  above  diredled  at  the 
end  of  No.  27:  and  let  this  quantity  of  air  be 
thrown  into  the  phial  ab  c  (as  directed  No.  26 
and  No.  27),  which  I  fix  a  little  tight  to  the 
mouth  c  of  the  Eudiometer.  I  afterwards  fill 
the  fame  phial  n  with  the  air  I  want  to  try : 
aud,  railing  the  end  c  of  the  inffrument,  I  put 
it  into  its  mouth  V :  when  this  is  done,  I  fet 
the  inffrument  upright,  as  reprefented  fig.  15, 
banging  it  on  the  hook  tw\  and,  as  foon  as 
this  laff  air  goes  up  to  the  phial  a  b  c,  I  take 
off  the  phial  that  the  diminution  of  the  two 
mixed  airs  may  be  fupplied  from  the  water 
in  the  tin  vefiel ;  which  muff  be  the  cafe,  as 
the  mouth  V  of  the  Eudiometer  is  then  under 
the  furfacc  of  the  water. 

38.  I  then  put,  to  the  lower  end  V  of  the 
Eudiometer,  the  bent  tube  (fig.  22),  to  which 
is  fitted  the  brafs  ring  K,  and  which  is  filled  with 
water.  It  is  by  obferving  the  iurface  of  the 
water  in  this  fmall  tube  (which  then  forms  a  true 
fiphoti  with  the  tube  of  the  inffrument),  and  by 
means  of  the  brafs  ring  K ,  that  I  can  diftinguifli 
the  ffationary  ffate  of  the  diminilhing  bulk  of 
the  two  mixed  airs  above-mentioned  at  the 
end  of  No.  28 :  which  being  perceived,  I  take 
®ff  the  fmall  tube  £  h  from  the  Eudiometer, 

and 
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and  lay  down,  for  fome  minutes,  the  whole 
inflrument,  in  an  horizontal  portion,  under  the 
water  of  the  tin  vefiel:  I  fhut  up  the  mouth  V 
with  the  glafs  floppier;  and,  reverfing  the 
inflrument,  I  hang  it  up  by  the  end  V ,  on 
the  hook  w.  By  this  pofition  the  whole  dimi- 
niflied  air  of  the  vefiel  a  b  c  goes  up  to  the  top, 
where  its  real  bulk  is  {hewn  by  the  number  of 
the  fcale,  facing  the  inlide  furface  of  water. 
This  number  being  deduced  from  128,  gives 
the  comparative  wholefomenefs  of  the  air 
already  tried,  without  any  further  calculation. 

39.  But  this  procefs  will  be  flill  eafier, 
when  the  laft  diminution  of  the  two  mixed 

.  s  1  *  1  \ 

kinds  of  air,  mentioned  No,  29,  is  only  re¬ 
quired  in  the  obfervation :  becaufe  no  ufe  will 
be  then  made  of  the  fyphon  (fig.  22).  In  fuch 
a  cafe  the  inflrument  is  left  hanging  on  the 
hook  w  for  48  hours:  after  which  it  is  laid 
down  under  the  water  of  the  trough  (fig.  15*), 
in  an  horizontal  pofition,  for  20  or  30  minutes, 
in  order  to  acquire  the  fame  temperature  of 
the  water.  The  mouth  V  is  then  fhut  up  with 
the  ftopple  m;  the  inflrument  is  hung  by  the 
end  V  in  a  contrary  pofition,  and  the  laft  real 
bulk  of  the  two  mixed  airs  will  be  then  fhown 
by  the  number  of  the  brafs  fcale,  anfwering  to 
the  infide  furface  of  the  water.  This  number 
being  fub traced  from  128,  will  give  the  com- 
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parative  falubrity  of  the  air  employed  in  the 
trial,  without  any  further  calculation. 

I  need  not  fay  that  all  the  circumftances 
already  mentioned,  for  the  better  obtaining 
exa<ft  refults  in  thefe  experiments,  are  to  be 
carefully  obferved,  when  this  fecond,  or  the 
third  Eudiometers  are  ufed:  but  chiefly  that 
circumftance,  mentioned  No.  35,  ought  never 
to  be  omitted.  The  thermometer  is  to  be 
kept  dipped  in  the  water  of  the  tin  veflel; 
and  the  Eudiometer  muft  be  kept  there  im- 
merfed  fome  minutes,  as  I  have  faid  juft:  now, 
before  it  is  raifed  for  the  laft  time,  to  read 
off  the  quantity  of  the  total  diminution  of 
the  mixed  air.  As  to  the  other  circumftance, 
mentioned  No.  33,  it  has  been  rendered  unne- 
ceffary  by  laying  this  Eudiometer  in  an  hori¬ 
zontal  pofltion  before  the  glafs  ftopple  was 
put  in.  The  fame  method  muft  be  applied 
to  the  third  new  Eudiometer  I  am  going  to 
deferibe;  and  even  the  fir  ft  Eudiometer,  already 
deferibed,  may  be  treated  in  the  fame  manner: 
for  if  it  be  laid  down  in  an  horizontal  pofi- 
tion  under  the  water  in  the  tub,  before  it 
be  {hut  up  with  the  ftopple,  as  directed 
No.  29,  there  will  be  no  variation  produced 
by  the  contraction  >  or  expaniion  of  the  air  in 
the  infide ;  becaufe  the  proper  quantity  of 
water  is  then  {hut  up  within  the  glafs  vefTel  c 

of 
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of  the  inftrument :  fo  that  railing  it  up,  as  it 
is,  together  with  the  veffel  c,  and  its  phials 
a  b  (fig.  14),  the  weight  of  the  column  of 
water  will  prefs  totally  upon  them,  without 
expanding  the  inclofed  air,  or  caufing  any 
variation,  beyond  the  trifling  one,  which  may 
proceed  from  the  natural  elafticity  of  the 
fides  of  the  glafs  tube  and  veffels. 

40.  I  muft,  however,  acknowledge,  that 
the  long  way  through  which  the  air  pafles, 
in  going  at  flrfl;  to  the  large  phial  abc  in 
this  fecond  Eudiometer,  mufc  leave  fome  doubt 
whether  it  has  not  then  fuffered  fome  fenfible 
change  in  its  quality,  before  it  is  mixed  with 
the  nitrous  air  ;  fmce,  as  you  have  obferved, 
the  air,  that  has  been  long  agitated  in  water, 
changes  for  the  better  from  its  bad  qualities  : 
and  this  obje£lion  muff  be  ft  ill  greater  in 
the  ufe  of  the  third  Eudiometer.  It  is  on 
this  account  that  i  have  mentioned  the  flrfl 
Eudiometer,  as  the  lead  exceptionable  of  all 
that  we  know  till  the  prefent  ;  and  perhaps 
the  nature  of  the  thing  is  not  capable  of  a 
further  perfeflion.  Indeed  that  inflrumenc, 
I  mean  my  flrfl  Eudiometer,  has  not  only  the 
advantage  of  offering  a  very  fmall  way  through 
the  water  to  the  two  kinds  of  air,  on  their 
going  to  mix  at  x  in  the  veffel  c  (fig.  14);  but 
they  are  kept  feparated  till  that  moment,  in 
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the  two  refpettive  phials  a  and  b>  without 
any  other  conta with  the  water,  but  only 
in  the  narrow  diameter  of  the  necks  of  thefe 
phials. 

DESCRIPTION  OF  THE  THRD  NEW 
EUDIOMETER. 

41.  This  third  Eudiometer  is  the  neared  to 
your  original  one  :  and,  was  it  not  for  the 
confideration  I  have  mentioned  in  the  pre¬ 
ceding  number  (which,  perhaps,  will  not  weigh 
too  much  with  fome  philofophers)  and  a  few 
other  circumdances  which  are  obvious,  I 
Ihould  not  doubt  to  pronounce  this  third 
indrument  to  be  the  bed  of  all  the  three* 
as  I  have  advanced  in  my  lad  letter  to  you 
of  the  30th  of  November  lad  (1776).  This, 
however,  I  gladly  fubmit  to  your  fuperior 
judgement. 

42.  This  Eudiometer  confids  of  a  drait 
glafs  tube  e  n  (fig.  8),  of  an  uniform  diameter, 
about  one  or  two  feet  long,  with  a  large  ball  s, 
and  a  glafs  dopple  m,  fitted  air-tight  to  the 
mouth  n,  which  ought  to  be  wide  open,  as 
a  funnel,  unlefs  a  feparate  one  is  made  ufe 
of.  There  is  alfo  a  fmall  fiphon  K  (fig.  23) 
with  a  brafs  ring  x:  a  fmall  phial  s  (fig-  9), 

the 


the  contents  of  which  may  be  received 'In  the 
third  part  of  the  ball  s  ;  and,  when  put  into 
the  glafs  tube  n  j,  mud  take  there  no  more 
than  the  half  of  its  length.  Ladly,  this  in¬ 
drument  has  a  ruler  (fig.  13),  which  is 
divided  and  damped  like  that  other  already 
deferibed  at  <the  end  of  No.  24:  and  a  glafs 
funnel,  fig.  10.  which  is  ground  to  the  mouth 
n  of  the  indrument,  when  this  is  not  wide 
open,  as  already  laid. 

THE  PROCESS. 

43.  The  ufe  of  this  indrument  is  eafily 
under dood  by  what  I  have  already  faid  of 
the  two  preceding  ones. 

Fird,  it  is  filled  with  Water,  and  fet  in  a 
vertical  pofition,  with  the  mouth  n  under  the 
furface  of  the  water  in  a  tub,  or  in  the  trough, 
(fig-  1 7-) 

Secondly,  the  phial  z  (fig.  9.)  is  filled,  as 
above,  with  nitrous  air  \  and  thrown  into  the 
tube  by  means  of  the  glafs  funnel  y  (fig.  xo), 
which  is  ground  to  the  mouth  n  of  the  Eu- 

o 

diometer ;  unlefs  it  be  wide  enough,  not  to  be 
in  need  of  any  funnel. 

Thirdly, 


\ 


(  46  ) 

Thirdly,  the  fame  phial  2  is  again  filled 
with  the  air  to  be  tried;  and  thrown  into 
the  fame. 

Fourthly,  the  fiphon  (fig.  23)  is  added 
immediately  to  the  mouth  n  of  the  Eudiome¬ 
ter,  under  the  furface  of  the  water ;  fome 
of  which  is  to  be  poured  into  it. 

Fifthly,  the  flationary  moment  of  the 
greatefl  diminution  of  the  mixed  air  at  s} 
is  watched  by  means  of  the  ring  x9  of  the 
fiphon,  fig.  23,  as  mentioned  No.  28  and  38. 

Sixthly,  when  that  moment  arrives,  the 
fiphon  K  l  (fig.  23)  is  taken  off;  the  Eudio¬ 
meter  is  laid  for  fome  minutes  under  the 
water,  in  an  horizontal  pofition,  or  nearly  fo, 
but  in  fuch  a  manner  that  no  part  of  the 
inclofed  air  may  get  out ;  the  mouth  n  is  fhut 
up  with  the  glafs  flopple  in,  and  the  inftru- 
ment  is  inverted  with  the  mouth  n  upwards. 

Laflly,  the  fpace  occupied  by  the  refiduum 
of  the  diminifhed  air  is  meafured  by  applying 
to  its  fide  the  divided  ruler,  or  fcale  (fig.  13)  : 
and  the  refult  is  efti mated  after  the  manner 

•'  t 

already  explained  No.  31  and  32. 

44.  Whenever  I  want  only  to  know  the 
laft  diminution  of  the  mixed  air,  mentioned 
2  No.  39, 
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No.  39,  the  procefs  then  becomes  eafier,  as 
no  ufe  is  made  of  the  Cphon  (fig.  23).  The 
method  of  conducing  the  procefs  in  fuch  a 
cafe  being  refpedtively  the  fame  as  that  already 
defcribed  No.  39,  it  is  unnecefTary  to  defcribe 
it  here  again.  The  fame  precautions  I  have 
fpoken  of,  No.  3  5  and  39,  mu  ft  be  obferved 
when  this  Eudiometer  is  made  ufe  of,  in  order 
to  form  a  true  judgement  concerning  thofe 
places,  where  people  will  be  able  to  live  with¬ 
out  danger  of  hurting  their  conftitutions,  by 
breathing  and  being  continually  furrounded  by 
noxious  air ;  which  they  have  not  yet  been 
able  to  diftinguilh  from  the  moft  wholefome, 
except  by  a  long  and  too  late  experience. 

45.  The  Eudiometers  already  defcribed  are 
the  fitteft  inftruments  for  philofophical  experi¬ 
ments  on  the  bulk  of  air  and  other  fluids, 
when  mixed  together ;  and  even  when  mixed 
with  fome  folid  fubftance,  which  can  be  intro¬ 
duced  into  the  lower  vefFel  c  of  the  fir  ft  of 
the  three  Eudiometers.  It  will  be  better,  how¬ 
ever,  to  have  them  made  purpofely  for  fuch 
objefts,  with  a  tube  two  or  three  times  longer 
than  I  have  indicated  above. 

Whenever  dephlogifticated  air  is  to  be  tried 
>y  thefe  inftruments,  proper  care  is  to  be 
taken  to  obferve  the  precife  point  of  its  full 

fa  tu  ration, 
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faturation,  which  is  that  of  its  greateft  diminu¬ 
tion  by  the  addition  of  nitrous  air . 

46.  In  order  to  make  this  experiment  with 
great  accuracy,  let  a  narrow  glafs  tube  of  an 
uniform  diameter  (fig.  24)  be  provided  :  let 
one  of  the  two  phials  a  or  b  (fig.  16),  filled 
with  quickfilver,  be  thrown  into  it,  and  the 
tube  cut  exactly  to  that  fize,  fo  as  to  contain 
neither  more  nor  lefs.  Let  its  whole  length 
be  divided  into  fome  number  of  equal  parts, 
by  which  number  the  value  marked  on  the 
ruler  (fig.  11),  of  this  Eudiometer,  can  be 
divided  without  any  fraflion :  for  inflance, 
when  the  number  #  =  108  is  marked  in 

the  ruler,  it  means,  that  the  contents  of  the 
two  phials  a  and  b,  of  which  I  fpoke  No.  32, 
are  equal  to  a  cylinder  of  108  divifions  long, 
as  thofe  of  the  ruler  :  and,  of  courfe,  it  fhews 
that  a  (ingle  phial  a  or  b  contains  but  54  of 
thefe  parts.  In  this  cafe  this  tube  (fig.  24) 
may  be  divided  either  into  27  parts,  each  con¬ 
taining  twro  of  the  ruler;  or  into  54,  into 
108,  &c. 

N.  B.  If  the  top  of  the  tube  is  not  very 
flat  in  the  iniide,  it  will  be  more  exa&  to 
divide  the  weight  of  the  quickfilver  in  two 
parts ;  to  put  one  of  them  into  the  tube  ;  to 
mark  the  fpace  occupied  by  it ;  to  divide  the 

part 
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part  of  it,  which  was  empty,  into  half  flic 
number  intended  for  this  tube ;  and  afterwards 
to  divide  the  other  half  into  fimilar  equal  parts* 
as  the  fir  ft  half,  carrying  them  towards  the: 
clofed  end. 

47.  If  the  dephlogifticated  air  is  very  pure* 
it  will  Require  almdft  double  the  quantity  of 
Tiitrous  air ,  to  be  completely  faturated.  In  order 
to  do  this  without  exceeding  the  neceffary 
quantity,  I  throw  into  the  tube  nd  (fig.  17) 
a  fecond  meafure  b  or  a  of  nitrous  air ,  after  I 
have  brought  the  procefs  to  the  moment  men¬ 
tioned  No.  29:  in  this  cafe  the  whole  volume 
or  bulk  of  the  dephlogifticated  and  nitrous 
air  will  be  162  [m©8-j-54:]  I  obferve  where 
the  lurface  of  the  infide  water  in  the  tube 
flops,  and  I  mark  it  by  the  hiding  brafs  ring  %. 
I  then  fill  up  the  divided  tube  (fig.  24)  with 
nitrous  air ;  I  throw  a  fmall  quantity  into  the 
Eudiometer’s  tube  n  d ;  and,  if  it  becomes  of 
a  reddifh  colour,  the  inclofed  air  will  diminilh: 
I  then  pufh  up  the  ring  %,  and,  by  this 
means,  I  go  on  throwing  in  the  nitrous  air^ 
by  little  and  little,  till  1  fee  that  the  whole 
diminifhes  no  more;  which  (hews  me  that  it 
is  fully  faturated. 

48.  Let  us  fuppofe,  for  example,  that  the 
tube  (fig.  24)  was  divided  only  into  27  equal 
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parts ;  and  that  the  faturation  of  the  dephlo- 
gifticated  air  was  compleated  at  the  eighth 
divifion  of  it:  this  {hews  that  iq  parts  [27 — 8 
=19],  equal  to  38  of  thofe  marked  in  the 
ruler,  have  been  thrown  into  the  Eudiometer  5 
that  is  to  fay,  that  the  whole  bulk  of  both 
kinds  of  air  is  equal  to  200  [  =  162  38] 

rneafures,  as  thofe  marked  by  the  ruler 
(fig.  11)  already  explained  No.  30.  Now  if 
the  remaining  quantity  of  air  within  the  Eudio- 
metrical  tube  is  only  equal  to  two  meafures  or 
numbers  of  the  ruler,  it  is  clear  that  fuch  de- 
phlogifticated  air  is  ninety-nine  times  of  an 

hundred  ["?-.?  2  =  12^  =  -22"!  pure  air  ; 

fince  its  bulk  is  reduced,  by  the  combination  of 
nitrous  airy  to  the  -r-f-o  of  the  whole. 

49.  It  is  but  three  days  ago  (/),  that  you 
fhewed  me  fuch  a  wonderful  kind  of  air,  as  I 
have  exemplified  in  the  preceding  number. 
This  air  you  have  produced  before  my  eyes, 
from  a  folution  of  quickfilver  and  nitrous  acid , 
made  many  months  before,  and  then  dhtilled 

(q)  This  additional  article  to  the  prefent  letter  was 
wrote  on  the  16th  of  September,  1777;  although  the 
greateft  part  of  it  had  been  written  many  months  be¬ 
fore,  and  the  firft  twenty  numbers  were  already  printed: 
but  fome  circumftances,  the  knowledge  of  which  can¬ 
not  intereft  the  public,  have  hindered  the  publication 

of  the  whole  till  this  prefent  time. 
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in  a  long  but  narrow  glafs  retort,  with  a  fand- 
heat.  This  is,  indeed  !  an  extraordinary  phe¬ 
nomenon,  and  Teems  to  bring  us,  perhaps,  a 
little  nearer  to  the  door  of  the  fecret  laboratory 
of  Nature  in  the  formation  of  air. 

50.  1  cannot  fay,  but  fo  pure  a  dephhgijiicated 
air  may  (till  be  produced  by  this  procefs;  that 
its  whole  bulk  may  be  reduced  to  nothing  by  a 
proper  combination  with  nitrous  air .  If  fo^ 
what  (hall  we  then  be  able  to  think  of  a  fluid 
fubftance,  which  is  coercible  in  a  glafs  veffel, 
to  which  above  the  double  quantity  of  another 

fubftance  =  VV  =  2,  7], 

54 

likewife  coercible  in  a  glafs  veffel,  being 
added ;  both  thefe  fubflances  to  appearance 
wholly  vanifh ! 

51.  This  phenomenon  certainly  deferves 
the  attention  of  philofophers  :  and  I  gladly 
leave  to  them  the  examination  of  it.  •  I  muff 
only  add,  for  their  information,  that  the  nitrous 
acid  is  the  thing  chiefly  concerned  in  its  pro¬ 
duction  :  when  this  admirable  fubftance  ads 
on  certain  kinds  of  bodies,  as  quickjilver  in  the 
prefent  cafe,  its  folution  produces  that  elajlic , 
but  coercible  fluid,  which  we  call  nitrous  air : 
the  refiduum,  kept  a  long  while,  being  pro¬ 
perly  urged  by  fire,  gives  at  laft  the  other 
elajlic,  but  likewife  coercible  fluid,  which  we 

Ii  %  call 


duces  the  wonderful  phenomenon  I  have 
fpoken  of. 

* 

52.  I  {hall  fay  no  more  on  this  matter; 
and  leave  it  very  willingly  to  be  confidered 
and  unravelled  by  abler  philofophers  than  I 
can  pretend  to  be:  and  conclude  the  fubjeCt 
of  this  letter  by  alluring  you,  that  I  (hall  be 
very  happy,  if  the  things  here  treated  of 
{hould  deferve  your  approbation  :  and  fill 
more  fo,  if  they  produce  the  defired  effeft 
I  aim  at, — the  general  good  of  mankind.  I  am* 
with  the  tit  molt  regard  and  fincere  friendlhip* 

1  My  dear  Sir, 

Your  moil  obedient 


and 


Affectionate  fervant. 


Bowood  Park, 
January  3,  1777. 


J.  H.  de  MAGELLANs 
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